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Description

[0001] The present invention relates to a method for

purifying protein and/or biomolecule complexes.

[0002] Protein expression and purification methods

are essential for studying the structure, activities, inter-

actions with other proteins, nucleic acids etc. of proteins

of interest. Methods that are currently available use sys-

tems such as bacteria or cells transfected with expres-

sion vectors or infected with bacculovirus.

[0003] in order to study individual proteins a first re-

quirement is to obtain sufficient amounts of that partic-

ular protein to be able to carry out biological and bio-

chemical analyses such as activity tests, interaction as-

says, structure determination and the like. For this pur-

pose the genes coding for the proteins of interest are

cloned into vectors that allow the expression of those

proteins in suitable host cells. Usually the proteins are

expressed at high levels. This over-expression leads to

the generation of large amounts of protein but often has

the disadvantage of yielding insoluble protein which is

present in so-called inclusion bodies in the cells. The

over-expressed protein then has to be resolubilized be-

fore analysis. Panagiotidis and Silverstein (Gene, 1 64

(1995), 45-47) describe the purification of over-ex-

pressed proteins via fusion to a dual tag in E.coli, result-

ing in insoluble proteins, which then have to be renatur-

ized again.

[0004] Although such methods work well for conven-

tional protein detection methods based on weight anal-

ysis (polyacrylamide gels, Western blots, etc.) of the ex-

pressed protein, they are not suitable for other studies

and for assays on protein complexes.

[0005] Currently used protocols for over-expressing

proteins are normally carried out in host cells in which

the protein of interest is not normally expressed, for ex-

ample, when eukaryotic proteins are expressed in bac-

teria. Apart from the insolubility, proteins expressed in

this manner often show a lack of proper post-transcrip-

tional or post-translational modification, such as correct

processing or gtycosylation.

[0006] Another disadvantage is that the expression of

one subunit of a complex, even in a homologous sys-

tem, might not lead to increased production of all the

complex components and in some extreme cases can

even result in mistargeting of that protein of interest to

an aberrant complex (e.g. the proteasome, Swafield et

al., 1996, Nature 379, 658).

[0007] Purification of proteins expressed at their basal

level is therefore indispensable in many cases but ap-

propriate purification protocols are not easily available

because of the huge biochemical knowledge required

to establish a suitable protocol. Developing a purifica-

tion scheme requires assessing the chemical and phys-

ical properties of the target protein by a trial and error

process, making it tedious and time-consuming be-

cause such analyses have to be repeated for each pro-

tein.

[0008] Affinity purification methods for the purification

of proteins are known. Kits and apparatuses for affinity

chromatography are commercially available. Usually, a

fusion protein of a polypeptide of interest plus an affinity

5 tag is expressed in a system such as one of the above-

mentioned expression systems, the fusion protein is ex-

tracted and applied to support material such as a resin

matrix packed in an affinity column which is coated with

a material that specifically binds the affinity tag. After

10 binding of the target protein to the matrix via the affinity

tag unbound substances can be removed simply by

washing the matrix. The fusion protein can then be elut-

ed off the matrix using chemical agents or specific tem-

perature or pH conditions. Since the affinity tags usually

15 bind with high affinity strong conditions are needed for

the subsequent elution wich can often destroy, damage

or denature the protein of interest.

[0009] Affinity tags possess groups or moieties which

are capable of binding to a specific binding partner with

20 high affinity. Various affinity tags are known in the art

and have been widely used for the purification of pro-

teins. Examples are the IgG binding domains of protein

A of Staphylococcus aureus, glutathione-S-transferase

(GST), maltose binding protein, cellulose binding do-

25 main, polyarginine, polycysteine, polyhistidine,

polyphenylalanine, calmodulin or calmodulin binding

domains. These bind with high affinity to an appropriate

matrix which is covered with the specific binding partner.

In the case of protein A, IgG-coated sepharose has been

30 used for affinity chromatography of fusion proteins pos-

sessing a protein A domain (Senger et al., 1 998, EMBO
J., Vol.17, 2196-2207). Other examples are discussed

in Sassenfeld, TIBTECH, 1990, p.88. A plasmid vector

containing a cassette encoding a calmodulin binding

35 peptide is available from Stratagene.

[0010] Normally, fusion proteins are tagged with only

one affinity tag and are purified in a single purification

step. This often leads to problems due to remaining con-

taminants. Another limitation of most of the conventional

40 methods is that they are adapted for expression of the

proteins in bacteria only. W096/40943 discloses a meth-

od of expressing fusion proteins in gram-positive bacte-

ria either anchored to the membrane or in secreted form.

The anchored proteins are cleaved off using TEV pro-

45 tease and subsequently affinity purified via an affinity

tag.

[0011] Often the affinity tag is removed from the fusion

protein after the affinity purification step by the action of

a specific protease such as the TEV protease. This

so means however, that the purified fractions contain sub-

stantial amounts of this protease (Senger et al. 1998)

which severely limits the applications of such protein

preparations.

[001 2] It is therefore an object of the present invention

55 to provide a purification/detection method for proteins

and/or biomolecule complexes which eliminates the dis-

advantages of the currently known methods and allows

efficient purification not only of affinity tagged target pro-

2
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teins as fusion proteins but also of other substances that

are capable of associating with these proteins.

[0013] One method according to the invention for pu-

rifying biomolecule and/or protein complexes comprises

the following steps:

(a) providing an expression environment containing

one or more heterologous nucleic acids encoding

one or more subunits of a biomolecule complex, the

subunits being fused to at least two different affinity

tags, one of which consists of one or more IgG bind-

ing domains of Staphylococcus protein A,

(b) maintaining the expression environment under

conditions that facilitate expression of the one or

more subunits in a native form as fusion proteins

with the affinity tags, and under conditions that allow

the formation of a complex between the one or more

subunits and possibly other components capable of

complexing with the one or more subunits,

(c) detecting and/or purifying the one or more sub-

units by a combination of at least two different affin-

ity purification steps each comprising binding the

one ormore subunits via one affinity tag to a support

material capable of selectively binding one of the

affinity tags and separating the one or more subu-

nits from the support material after substances not

bound to the support material have been removed.

[0014] An alternative method of the invention which is

particularly suitable for detecting and/or purifying pro-

tein or biomolecule complexes is a method comprising

the steps:

(a) providing an expression environment containing

one or more heterologous nucleic acids encoding

at least two subunits of a biomolecule complex,

each being fused to at least one of different affinity

tags, one of which consists of one or more IgG bind-

ing domains of Staphylococcus protein A,

(b) maintaining the expression environment under

conditions that facilitate expression of the two or

more subunits in a native form as fusion proteins

with the affinity tags, and under conditions that allow

the formation of a complex between the two ormore
subunits and possibly other components capable of

complexing with the two or more subunits,

(c) detecting and/or purifying the complex by a com-

bination of at least two different affinity purification

steps each comprising binding the two or more sub-

units via one affinity tag to a support material capa-

ble of selectively binding one of the affinity tags and

separating the complex from the support material

after substances not bound to the support material

have been removed.

[0015] For the purpose of this invention, a biomole-

cule can be a protein, peptide or a nucleic acid or other

biomolecule. A biomolecule complex denotes a com-

plex of at least two biomolecules, preferably at least one

protein associated either with other proteins which are

then called subunits or with other substances which can

for example be nucleic acids. The biomolecule complex-

5 es can be natural ones such as nuclear snRNPs or an-

tigen-antibody complexes, or they can be artificial ones

such as mutant DNA binding proteins associated with

mutant target DNAs. Any complex molecule comprising

as one or more subunits a polypeptide or subunit ex-

10 pressed according to the invention and/or further com-

prising other components which associate in a manner

stable enough not to be dissociated by the affinity steps

is a biomolecule complex that can be detected and/or

purified by the method of the invention. A protein com-
15 plex generally devotes a complex between protein sub-

units.

[0016] The nucleic acid sequence of at least one of

the subunits of the protein complex to be purified must

be known or at least available so that it can be cloned

20 into a nucleic acid which is suitable to drive expression

in the appropriate host cells or cell-free expression sys-

tems.

[0017] The heterologous nucleic acid driving the ex-

pression of the one or more subunits of the protein com-
25 plex to be purified according to the invention thus con-

tains appropriate sequences that allow it to be main-

tained in the chosen host cell or cell-free system, such

as a promoter and, if necessary, other control sequenc-

es such as enhancers and poly A sites.

30 [001 8] In principle any host cell that is compatible with

the heterologous nucleic acid from which the one or

more subunits are to be expressed is suitable as an ex-

pression environment. These cells can be prokaryotic

cells such as bacteria etc. or eukaryotic cells such as

35 yeast, fungi or mammalian cells. Preferably, the subu-

nits or protein complex to be purified is expressed in its

natural host. Since this method is very efficient, the pro-

tein subunits are preferably expressed at their basal lev-

els. This has the advantage of avoiding the formation of

40 inclusion bodies and also reduces the risk of toxic ef-

fects on the cell that large amounts of certain proteins

may have. Furthermore, this avoids purifying excess

protein subunits that are not assembled into a complex

or that are assembled into aberrant complexes (see

45 above).

[0019] After the heterologous nucleic acid encoding

the fusion protein has been introduced into a chosen

host cell the cell is cultured under conditions which allow

the expression of the fusion protein (s).

so [0020] As already mentioned, the transcriptional con-

trol sequences are preferably selected so that the fusion

protein is not over-expressed but is expressed at basal

levels in the cell. This serves to ensure that the protein

is expressed in a native form. Native form means in this

55 context that a correct or relatively close to natural three-

dimensional structure of the protein is achieved, i.e. the

protein is folded correctly. More preferably, the protein

will also be processed correctly and show normal post-

3
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transcriptional and post-translation al modification. The

correct folding is of great importance especially when

the expressed polypeptide is a subunit of a protein com-

plex because (twill bind to the other subunits of the com-

plex only when it is present in its native form. However,

it is also possible to express mutant proteins. These can

also have a native conformation. Such mutant subunits

can, for example, be used to purify mutant complexes,

i.e. complexes that contain some other mutated subu-

nits -

[0021] Depending on the subunit to be purified, the

fusion protein is expressed intracellular^ or secreted in-

to the culture medium. Alternatively, it might be targeted

to other cell compartments such as the membrane. De-

pending on the protein an appropriate method is used

to extract the fusion protein from the cells and/or medi-

um. When a fusion protein is expressed which is target-

ted to a certain subcellular location, e.g. the membrane

of cell organelles or the cell membrane, these or-

ganelles or the cells themselves can be purified via the

binding of these membrane proteins. It is also possible

to purify cells or cell organelles via proteins naturally ex-

pressed on their surface which bind to the fusion protein

of the invention.

[0022] Further, it is possible to purify biomolecule or

protein complexes/subunits or other substances that

are capable of binding to or complexing with the fusion

protein generated according to the invention. These

substances can bind to fusion protein either directly or

via linker mediators. Linker mediators in this context

may be anything which is capable of binding two or more

biomolecules so that these biomolecules are then part

of a complex although they may not be directly associ-

ated with each other.

[0023] According to the invention it is also possible to

use cell-free systems for the expression of the subunits.

These must provide all the components necessary to

effect expression of proteins from the nucleic acid such

as transcription factors, enzymes, ribosomes etc. In vit-

ro transcription and translation systems are commer-

cially available as kits so that it is not necessary to de-

scribe these systems in detail (e.g. rabbit reticulocyte

lysate systems for translation). A cell-free or in vitro sys-

tem should also allow the formation of complexes.

[0024] For the purification according to the invention

it is preferable to employ affinity chromatography on af-

finity columns which contain a matrix coated with the ap-

propriate binding partner for the affinity tag used in that

particular purification step.

[0025] In accordance with the method of this invention

two affinity steps are carried out. Basically each affinity

step consists of a binding step in which the previously

extracted one or more subunits are bound via one of

their affinity tags to a support material which is covered

with the appropriate binding partner for that affinity tag.

Then unbound substances are removed and finally the

subunit to be purified is recovered from the support ma-

terial. This can be done in two ways. The first possibility

is to simply use conventional elution techniques such as

varying the pH or the salt or buffer concentrations and

the like depending on the tag used. The second possi-

bility is to release the subunit to be purified from the sup-

5 port material by proteolyticaiiy cleaving off the affinity-

tag bound to the support. This way, the subunit can be

recovered in the form of a truncated fusion protein or, if

all affinity tags have been cleaved off, as the target sub-

unit itself.

io [0026] According to one embodiment of the present

invention a fusion protein of a single subunit plus two

different affinity tags is expressed, wherein one of the

tags comprises one or more IgG binding domains of pro-

tein A of Staphylococcus aureus.

is [0027] More preferably, a specific proteolytic cleav-

age site is present in the fusion protein between the one

or more subunits and the one or more affinity tags so

that proteolytic cleavage allows the removal of at least

one of the affinity tags, especially the IgG binding do-

20 mains of protein A.

[0028] Proteolytic cleavage can be carried out by

chemical means or enzymatically.

[0029] The proteolytic cleavage site that is used to

cleave off one of the affinity tags is preferably an enzy-

25 matic cleavage site. There are several proteases which

are highly specificfor short amino acid sequences which

they will cleave. One of these is a specific cleavage site

of Tobacco Etch Virus (TEV), which is cleaved by the

TEV protease NIA. RecombinantTEV protease is avail-

30 able from Gibco BRL. The TEV cleavage site is prefer-

ably used as the cleavage site to remove the protein A

domains from the fusion protein.

[0030] Even more preferably, the affinity step using

protein A binding to IgG is carried out first by binding the

35 one or more subunits via the one or more IgG binding

domains of Staphylococcus to a support material capa-

ble of specifically binding the latter, removing substanc-

es not bound to the support material and separating the

one or more subunits from the support material by cleav-

40 ing off the IgG binding domains via the specific proteo-

lytic cleavage site, and then another affinity tag is used

to purify the protein further via a conventional elution

step comprising binding the one or more subunits via

another affinity tag to a second support material capable

45 of specifically binding the latter, removing substances

not bound to the support material and separating the

one or more subunits from the support material.

[0031 ] When the proteins are present at low concen-

trations in the expression environment and on the sup-

so port material, a large amount of protease is required to

release the bound material from the support material. In

other words, when the substrate concentration is low a

high level of enzyme is required to drive an efficient pro-

teolytic reaction. The second purification step is then im-

55 portant to remove remaining contaminants and the pro-

tease. Removal of the protease is preferable in order to

eliminate any negative influences of the proteolytic ac-

tivity on the preparation.

4
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[0032] However, in some cases it may be desirable to

remove ail the affinity tags in which case it is also pos-

sible to utilise two or more different proteolytic cleavage

sites for the separation of the one or more subunits of

interest from the support material.

[0033] The method according to the invention not only

facilitates efficient purification of proteins of interest but

also allows fishing for and detecting components

present in complexes with which the polypeptides or

subunits are associated orcomplexed either directly or

indirectly, e.g. molecules such as linker mediators. This

would allow selective fishing for certain substances

which may be potential drugs even from complex mix-

tures.

[0034] According to a second embodiment of the in-

vention it is possible not only to detect or purify the sub-

unit containing fusion proteins expressed but also other

substances that are capable of associating with the pro-

teins expressed in a direct way, i.e. by directly binding

to the fusion protein, or indirectly via other molecules to

form biomolecule complexes. If a fusion protein of a sub-

unit of a biomolecule or protein complex is purified ac-

cording to the invention the affinity steps are chosen so

that other complex components which have bound to

the fusion protein are still associated with the subunit

after the purification steps so that they can be detected/

purified as well.

[0035] The biomolecule complexes can be formed in

the expression environment such as cellular complexes.

Alternatively, other complex components may be added

to the subunits already expressed to form complexes in

vitro or may even be added when the subunit containing

fusion protein is already bound to a support material in

an affinity step.

[0036] It is also possible to express two (or more) sub-

units of the same complex each as a fusion protein with

a different affinity tag. When the subunits associate they

can be detected/purified possibly together with other

complex components by a series of affinity steps in

which each time the complex is bound via a differently

tagged subunit. The two or more affinity tags can be

fused with a single subunit of a complex or with two or

more subunits which bind to each other or are simply

present in the same complex.

[0037] The purification steps can be earned out as de-

scribed above.

[0038] Some subunits are present in more than one
complex so that the components of all complexes can

be purified.

[0039] If one is interested in a single complex A one
can also subtract other complexes B that also contain

one of the subunits of A by fusing that subunit of A to

one tag and fusing a subunit unique to B with a different

tag. The tagged subunit of B will bind to a specific sup-

port material. If the fraction not bound to that support

material is used in the second affinity purification step,

complex B will no longer be present because it was re-

moved (subtracted) in the first affinity step. Many similar

scenarios can be envisaged and designed by a person

skilled in the art.

[0040] Further affinity tags in addition to the JgG bind-

ing domains that can be used in accordance with the

5 present invention can be any conventional affinity tag.

Preferably, the second affinity tag consists of at least

one calmodulin binding peptide (CBP). Calmodulin

binding peptide as an affinity tag has been described

and is commercially available (Stratagene). When a cal-

10 modulin binding peptide is used the corresponding pu-

rification step is carried out using a support material that

is coated with calmodulin. The calmodulin binding pep-

tide tag binds to calmodulin in the presence of low con-

centrations of calcium. It can subsequently be eluted us-

15 ing a chemical agent such as a chelating agent like EG-

TA. Preferably, around 2 mM EGTA is added for the elu-

tion step.

[0041] The following Examples and Figures serve to

illustrate the invention and its practical application.

20

Fig.1 shows a Coomassie stained gel depicting the

fractionated proteins of a yeast RNA-protein

complex. Proteins identified by mass spec-

trometry are labeled 1-24. Bands 1, 3, 8-11,

1 6-24 were expected in this complex. Bands 2,

4-7 represent proteins that are likely candi-

dates for true complex component given their

sequence. Bands 12-14 represent potential

contaminants (ribosomai proteins). Band 15 is

a trace amount of TEV protease that remained

in this particular preparation. This is not gener-

ally the case (see Fig.2 for example). Bands 4-6

originate from the same gene and might repre-

sent alternative translation products or degra-

dation products. Band 1 6 is a mixture and con-

tains, in addition to a bonafide complex protein,

a contaminating ribosomai protein.

shows a Coomassie stained gel depicting the

fractionated proteins moiety of the yeast U 1 sn-

RNP. The 10 specific proteins were identified

by mass spectrometry. Compare with the silver

stained gel obtained following a purification us-

ing a cap affinity step and a Ni-NTA column re-

ported by Neubauer et al., (Proc.Natl.Acad.Sci

USA 1997, 94, 385-390). Note in particular the

low level of contaminants in this purification.

shows a Coomassie stained gel in which puri-

fied U1 snRNP has been analysed using either

the CBP binding/EGTA elution alone (lane 1),

the Protein A binding/TEV elution alone (lane

3) or both steps (lane 7). Arrows on the right

point to the U1 snRNP specific proteins. Lanes

2, 4 and 8 show the background signal obtained

using each of the single steps or the two step

procedure from an extract without tagged pro-

tein, demonstrating the requirement for two

30

35

Fig.2

40

45

Fig.3

50
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steps to get a pure material. Lane 6 Is a molec-

ular weight marker. Lane 7 is the TEV protease

that can also be seen as an abundant contam-
inant (even though only the required amount of

protease was used) in lanes 3 and 4. This dem-
onstrates again the need for a second purifica-

tion step.

Examples

Example 1

Purification of protein complexes from yeast

[0042] A vector encoding a fusion of a yeast protein

to the CBP-TEV-Protein A double tag was constructed

using standard methods. The fusion protein is one sub-

unit of a protein complex of yeast containing 24 sub units

in total. The plasmid was transformed into yeast cells

and a 2 L culture of cells expressing the protein was pre-

pared. Proteins were extracted from the cultured cells

using a French press. The complexwas purified by bind-

ing to IgG-linked beads, eluting by TEV protease cleav-

age, binding of the eluted material on calmodulin con-

taining beads followed by elution with EGTA. All steps

were carried out at 0-4°C, excepted for TEV cleavage.

[0043] The first affinity step (IgG step) was performed
as follows:

200 nl of IgG-Sepharose bead suspension (Phar-

macia 17-0969-01) were washed in an Econocol-

umn with 5 ml of IPP 1 50-lgG buffer (1 0 mM Tris-CI

pH 8.0, 150 mM NaCI, 0.1% NP40). 10 ml extract,

corresponding approximately to 2 L of yeast culture,

were adjusted to I PP 1 50-lgG buffer concentrations

in Tris-CI pH 8.0, NaCI and NP40. This extract so-

lution was mixed with the 200 u,l of IgG-Sepharose
beads and rotated in the Econocolumn for 2 hours.

The unbound fraction was discarded and beads
with bound material were washed first with 30 ml

IPP 1 50-lgG buffer followed by 1 0 ml TEV cleavage
buffer (10 mM Tris-CI pH 8.0, 150 mM NaCI, 0.1%
NP40, 0.5 mM EDTA, 1 mM DTT).

TEV cleavage buffer. This mixwas rotated for 1 hour
in an Econocolumn containing 200 pi of Calmodulin
beads slurry (Stratagene 214303) previously

washed wiih 5 mi iPP 150-Calmoduiin binding buff-

5 er.

[0046] After washing with 30 ml of IPP 150-Calmodu-
lin binding buffer, protein complexes were eluted with 5
successive additions of 200 u.l of IPP 150-Calmodulin
elution buffer (1 0mM p-mercaptoethanol, 1 0mM Tris-CI

pH 8.0, 150 mM NaCI, 1 mM Mg-acetate, 1 mM imida-

zole, 2 mM EGTA, 0.1 % NP40).

[0047] Samples were frozen in dry ice and stored at

-80°C. Proteins were concentrated byTCA precipitation

(A. Bensadoun and D. Weinstein (1976), Anal. Bio-

chem. 70, 241 ). The proteins were detected by polyacr-

ylamide gel electrophoresis with subsequent staining of

the gel with Coomassie blue. The result of the protein

purification, a gel of which is depicted in Fig.1 demon-
strates that the strategy employed is highly efficient. All

the expected protein subunits which number 24 in this

case can be detected.

Example 2

[0048] The same procedure was used for two other

protein or protein-RNA complexes from yeast where ail

expected protein subunits were detected using the

method of the invention. Those are the CBC (Cap Bind-

ing Complex) and the U1 snRNP. The purified U1 sn-

RNP is depicted in Figures 2 and 3. The CBC complex
has been shown to be still active and the purity was good
in all cases. This method is relatively cheap and not very

time-consuming, since it can be done in one day. Con-
cerning the U1 snRNP, it is noteworthy that Neubauer
et al. (Proc. Natl. Acad. Sci. USA 1997, 94, 385-390)
carried out a purification of the same complex (U1 sn-

RNP) extracted from 1 6 L of culture. The proteins of the
complex of interest were then only visible by silver stain-

ing and several contaminants were still observed.

Claims

15

20

25

30

35

[0044] The target protein was cleaved and released

from the beads as follows. The washed Econocolumn
was filled with 1 ml TEV cleavage buffer and 30 \i\ TEV
protease and rotated in a 1 6°C incubator for 2 hours.

The eluate was recovered by gravity flow.

[0045] The second affinity step (Calmodulin affinity

step) was performed as follows:

The previous eluate was mixed with 3 ml of IPP
150-Calmodulin binding buffer (10 mM p-mercap-

toethanol, 10 mM Tris-CI pH 8.0, 150 mM NaCI, 1

mM Mg-acetate, 1 mM imidazole, 2 mM CaCI2 ,

0. 1% NP40). The appropriate amount of CaCI2 was
further added to block the EDTA coming from the

45 1 . Method for detecting and/or purifying biomolecule

and/or protein complexes comprising the steps:

(a) providing an expression environment con-

taining one or more heterologous nucleic acids
50 encoding one or more subunits of a biomole-

cule complex, the subunits being fused to at

least two different affinity tags, one of which
consists of one or more IgG binding domains of

Staphylococcus protein A,

55 (b) maintaining the expression environment un-

der conditions that facilitate expression of the

one or more subunits in a native form as fusion

proteins with the affinity tags, and under condi-

6
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tions that allow the formation of a complex be-

tween the one or more subunits and possibly

other components capable of complexing with

the one or more subunits,

(c) detecting and/or purifying the one or more 5

subunits by a combination of at least two differ-

ent affinity purification steps each comprising

binding the one or more subunits via one affinity

tag to a support material capable of selectively

binding one of the affinity tags and separating 10

the one or more subunits from the support ma-

terial after substances not bound to the support

material have been removed.

Method for detecting and/or purifying biomolecule 15

and/or protein complexes, comprising the steps:

(a) providing an expression environment con-

taining one or more heterologous nucleic acids

encoding at least two subunits of a biomolecule 20

complex, each being fused to at least one of

different affinity tags, one of which consists of

one or more IgG binding domains of Staphylo-

coccus protein A,

(b) maintaining the expression environment un- 25

der conditions that facilitate expression of the

two or more subunits in a native form as fusion

proteins with the affinity tags, and under condi-

tions that allow the formation of a complex be-

tween the two or more subunits and possibly 30

other components capable of complexing with

the two or more subunits,

(c) detecting and/or purifying the complex by a

combination of at least two different affinity pu-

rification steps each comprising binding the two 35

ormore subunits via one affinity tag to a support

material capable of selectively binding one of

the affinity tags and separating the complex

from the support material after substances not

bound to the support material have been re- *o

moved.

Method according to claim 1 or 2, wherein between

the one or more subunits and one or more of the

affinity tags a specific proteolytic cleavage site is 45

present in one or more of the fusion proteins which

facilitates the removal of one or more of the affinity

tags.

Method according to claim 3, wherein the specific 50

proteolytic cleavage site is an enzymatic cleavage

site.

Method according to claim 4, wherein the specific

proteolytic cleavage site is the cleavage site forTEV 55

protease NIA.

Method according to claim 3, 4 or 5, wherein the

proteolytic cleavage site is used to cleave the one

or more of the subunits in step (c) from the IgG bind-

ing domain of Staphylococcus protein A bound to

the support material.

7. Method according to claim 6, wherein the affinity pu-

rification of step (c) comprises:

(i) binding the one or more subunits via the one

or more IgG binding domains of Staphylococ-

cus to a support material capable of specifically

binding the latter, removing substances not

bound to the support material and separating

the one or more subunits from the support ma-

terial by cleaving off the IgG binding domains

via the specific proteolytic cleavage site, and

(ii) binding the subunit via another affinity tag

to a second support material capable of specif-

ically binding the latter, removing substances

not bound to the support material and separat-

ing the subunit from the support material.

8. Method according to claim 7, wherein step (ii) is car-

ried out before step (i).

9. Method according to one of the previous claims,

wherein one or more of the fusion proteins contain

a second specific proteolytic cleavage site for the

removal of one or more of the other affinity tags.

10. Method according to one of the previous claims,

wherein one of the affinity tags consists of at least

one calmodulin binding peptide.

11. Method according to claim 10, wherein a chemical

agent is used to separate the one or more subunits

from the support material.

12. Use of the method according to one of claims 1 to

11 for the detection and/or purification of substanc-

es capable of complexing with one or more of the

fusion proteins.

PatentansprUche

1 . Verfahren zum Nachweisen und/oder Reinigen von

Biomolekul- und/oder Proteinkomplexen, umfas-

send die Schritte:

(a) Bereitstellen einer Expressionsumgebung,

die eine oder mehrere heterologe Nukleinsau-

ren enthalt, die fur eine oder mehrere Unterein-

heiten eines Biomolekulkomplexes codieren,

wobei die Untereinheiten mit wenigstens zwei

verschiedenen Affinitatstags fusioniert sind,

von denen einer aus einer oder mehreren

IgG-Bindungsdomanen des Staphylococcus-



13 EP1 105 508 B1 14

Proteins A besteht,

(b) Aufrechterhalten der Expressionsumge-
bung unterBedingungen, weichedie Expressi-
on der einen oder mehreren Untereinheiten als s

Fusionsproteine mit den Affinitatstags in einer
nativen Form erleichtern, und unterBedingun-
gen, welche die Bildung eines Komplexes zwi-
schen den einen oder mehreren Untereinheiten
und moglicherweise anderen Komponenten, 10

die einen Komplex mit der einen oder mehreren
Untereinheiten ausbilden konnen, ermogli-
chen,

(c) Nachweisen und/oder Reinigen der einen is

oder mehreren Untereinheiten durch eine Kom-
bination von wenigstens zwei verschiedenen
Affinitatsreinigungsschritten, wobei jeder das
Binden der einen oder mehreren Untereinhei-
ten uber einen Affinitatstag an ein Tragermate- 20
rial, das fahig ist, einen der Affinitatstags selek-
tiv zu binden und das Abtrennen der einen oder
mehreren Untereinheiten vom Tragermaterial,
nachdem nicht an das Tragermaterial gebun-
dene Substanzen entfernt wurden, umfasst. 25

Verfahren zum Nachweisen und/oder Reinigen von
Biomolekul- und/oder Proteinkomplexen, umfas-
send die Schritte:

30

(a) Bereitstellen einer Expressionsumgebung,
die eine oder mehrere heterologe Nukleinsau-
ren enthalt, die fur wenigstens zwei Unterein-
heiten eines Biomolekulkomplexes codieren,
wobei jede mit wenigstens einem unterschied- 35
lichen Affinitatstag fusioniert ist, von denen ei-

ner aus einer oder mehreren IgG-Bindungsdo-
manen des Staphylococcus-Proteins A be-
steht,

40
(b) Aufrechterhalten der Expressionsumge-
bung unterBedingungen, welche die Expressi-
on der zwei oder mehreren Untereinheiten als

Fusionsproteine mit den Affinitatstags in einer
nativen Form erleichtern und unter Bedingun- 45

gen, welche die Bildung eines Komplexes zwi-
schen den zwei oder mehreren Untereinheiten
und moglicherweise anderen Komponenten,
die einen Komplex mit den zwei oder mehreren
Untereinheiten ausbilden konnen, ermogii- so

chen,

(c) Nachweisen und/oder Reinigen des Kom-
plexes durch eine Kombination von wenigstens
zwei verschiedenen Affinitatsreinigungsschrit- 55
ten, wobei jeder das Binden derzwei oder meh-
reren Untereinheiten uber einen Affinitatstag

an ein Tragermaterial, das fahig ist, einen der

Affinitatstags selektiv zu binden und das Ab-
trennen des Komplexes von dem Tragermate-
rial, nachdem nicht an das Tragermaterial ge-
bundene Substanzen entfernt wurden, um-
fasst.

3. Verfahren nach Anspruch 1 oder 2, wobei in einem
Oder mehreren der Fusionsproteine eine spezifi-

sche proteolytische Spaltstelle zwischen den einen
oder mehreren Untereinheiten und einem oder
mehreren der Affinitatstags vorliegt, welche die Ent-
fernung von einem oder mehreren der Affinitatstags

erieichtert.

4. Verfahren nach Anspruch 3, wobei die spezifische
proteolytische Spaltstelle eine enzymatische Spalt-
stelle ist.

5. Verfahren nach Anspruch 4, wobei die spezifische
proteolytische Spaltstelle die Spaltstelle fur die
TEV-Protease NIA ist.

6. Verfahren nach Anspruch 3, 4 oder 5, wobei die pro-
teolytische Spaltstelle verwendet wird, urn die eine
oder mehreren Untereinheiten in Schritt (c) von der
an das Tragermaterial gebundenen IgG-Bindungs-
domane des Staphylococcus-Proteins A abzuspal-
ten.

7. Verfahren nach Anspruch 6, wobei die Affinitatsrei-

nigung von Schritt (c) umfasst:

(i) Binden der einen oder mehreren Unterein-
heiten iiber die eine oder mehreren IgG-Bin-
dungsdomanen von Staphylococcus an ein

Tragermaterial, das fahig ist, letztere spezifisch
zu binden, Entfernen von nicht an das Trager-
material gebundenen Substanzen und Abtren-
nen der einen oder mehreren Untereinheiten
von dem Tragermaterial durch Abspalten der
IgG-Bindungsdomanen uber die spezifische
proteolytische Spaltstelle, und

(ii) Binden der Untereinheit uber einen anderen
Affinitatstag an ein zweites Tragermaterial, das
fahig ist, letzteren spezifisch zu binden, Entfer-
nen von nicht an das Tragermaterial gebunde-
nen Substanzen und Abtrennen der Unterein-
heit vom Tragermaterial.

8. Verfahren nach Anspruch 7, wobei der Schritt (ii)

vor dem Schritt (i) durchgefuhrt wird.

9. Verfahren nach einem dervorhergehenden Anspru-
che, wobei ein oder mehrere der Fusionsproteine
eine zweite spezifische proteoiytische Spaltstelle
zur Entfernung von einem oder mehreren der an-
deren Affinitatstags aufweist.

8
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10. Verfahren nach einem dervorhergehenden Anspru-

che, wobei einer der Affinitatstags aus wenigstens

einem Calmodulin-Bindungspeptid besteht.

11. Verfahren nach Anspruch 10, wobei ein chemi-

sches Agens zur Abtrennung der einen oder meh-

reren Untereinheiten von dem Tragermaterial ver-

wendet wird.

12. Verwendung des Verfahrens nach einem der An-

spruche 1 bis 11 zum Nachweis und/oder zur Rei-

nigung von Substanzen, die einen Komplex mit ei-

nem oder mehreren der Fusionsproteine bilden

konnen.

Revendications

1 . Procede de detection et/ou de purification de com-

plexes de biomolecules et/ou de proteines compre-

nant les etapes consistant a :

(a) fournir un environnement d'expression con-

tenant un ou plusieurs acides nucleiques hete-

rologues codant pour une ou plusieurs sous-

unites d'un complexe de biomolecules, les

sous-unites etant fusionn6es a au moins deux

marqueurs d'affinite differents, dont Tun est

constitue d'un ou plusieurs domaines de liaison

aux IgG de la proteine A de Staphylococcus,

(b) maintenir I'environnement d'expression

dans des conditions facilitant I'expression de la

ou des sous-unites sous forme native en tant

que proteines de fusion avec les marqueurs

d'affinite, et dans des conditions permettant la

formation d'un complexe entre la ou les sous-

unites et eventuellement d'autres composants

capables de former des complexes avec la ou

les sous-unites,

(c) detecter et/ou purifier la ou les sous-unites

par une combinaison d'au moins deux etapes

differentes de purification par affinite, compre-

nant chacune la liaison de la ou des sous-unites

par rintermediaire d'un marqueur d'affinite a un

materiau support capable de Her selectivement

Tun des marqueurs d'affinite et la separation de

la ou des sous-unites du materiau support

apres ('elimination des substances non liees au

materiau support.

2. Procede de detection et/ou de purification de com-

plexes de biomolecules et/ou de proteines compre-

nant les etapes consistant a :

(a) fournir un environnement d'expression con-

tenant un ou plusieurs acides nucleiques hete-

rologues codant pour au moins deux sous-uni-

tes d'un complexe de biomolecules, fusionnees

chacune a au moins un marqueur parmi diffe-

rents marqueurs d'affinite, dont Tun est consti-

tue d'un ou plusieurs domaines de liaison aux

IgG de la proteine A de Staphylococcus,

5 (b) maintenir I'environnement d'expression

dans des conditions facilitant I'expression des

deux sous-unites ou plus sous forme native en

tant que proteines de fusion avec les mar-

queurs d'affinite, et dans des conditions per-

10 mettant la formation d'un complexe entre les

deux sous-unites ou plus et eventuellement

d'autres composants capables de former des

complexes avec les sous-unites ou plus,

(c) detecter et/ou purifier le complexe par une
15 combinaison d'au moins deux etapes differen-

tes de purification par affinite, comprenant cha-

cune la liaison des deux sous-unites ou plus par

rintermediaire d'un marqueur d'affinite a un ma-

teriau support capable de lier selectivement

20 run des marqueurs d'affinite et la separation du

complexe du materiau support apr6s reiimina-

tion des substances non liees au materiau sup-

port

25 3. Procede selon la revendication 1 ou 2, dans lequel

entre la ou les sous-unites et le ou les marqueurs

d'affinite, un site declivage prot6olytique specifique

est present dans une ou plusieurs des proteines de

fusion, lequel facilite ('elimination d'un ou plusieurs

30 des marqueurs d'affinite.

4. Procede selon la revendication 3, dans lequel lesite

de clivage proteolytique specifique est un site de

clivage enzymatique.
35

5. Procede selon la revendication 4, dans lequel le site

de clivage proteolytique specifique est le site de cli-

vage de la protease NIA du TEV.

40 6. Procede selon la revendication 3, 4 ou 5, dans le-

quel le site de clivage proteolytique est utilise pour

diver la ou les sous-unites a I'etape (c) du domaine

de liaison aux IgG de la proteine A de Staphylococ-

cus lie au materiau support.

45

7. Procede selon la revendication 6, dans lequel i'eta-

pe de purification par affinite (c) comprend les eta-

pes consistant a :

so
(j) ijer la ou les sous-unites par rintermediaire

du ou des domaines de liaison aux IgG de Sta-

phylococcus a un materiau support capable de

lier specifiquement ces derniers, eiiminer les

substances non liees au materiau support et

55 separer la ou les sous-unites du materiau sup-

port en clivant les domaines de liaison aux IgG

par rintermediaire du site de clivage proteolyti-

que specifique, et

9
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(ii) lier la sous-unite par rintermediaire d'un
autre marqueurd'affinite a un second materiau
support capable de Her specifiquement ce der-
nier, eliminer ies substances non iiees au ma-
teriau support et separer la sous-unite du ma- 5
teriau support.

8. Procede selon la revendication 7, dans lequel I'eta-

pe (ii) est effectuee avant I'etape (i).

10

9. Procede selon Tune des revendications preceden-
tes, dans lequel une ou plusieurs des proteines de
fusion contiennent un second site de clivage pro-
teolytique specifique pour I'elimination d'un ou plu-
sieurs des autres marqueurs d'affinit6. 15

10. Procede selon I'une des revendications preceden-
tes, dans lequel Pun des marqueurs d'affinite est
constitue d'au moins un peptide de liaison de la cal-

moduline. 2o

11. Procede selon la revendication 10, dans lequel un
agent chimique est utilise pour separer la ou Ies
sous-unites du materiau support.

12. Utilisation du procede selon I'une des revendica-
tions 1 a 11 pour la detection et/ou la purification de
substances capables de former des complexes
avec une ou plusieurs des proteines de fusion.

25

30

35

40

45

50
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Figure 2

Common I

Proteins
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Figure 3

IgG beads + +

TEV cleavage + +
Calmodulin beads + +

Extract teg WT tag WT MW Tev tag WT
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